Background It is unknown whether an unfavorable (atherogenic) lipid profile and homocysteine level, which could supersede clinical cardiovascular disease, is also associated with an increased risk of spontaneous preterm delivery (sPTD). A systematic review of studies assessing the lipid profile and homocysteine value of women with sPTD compared to women with term delivery in prepregnancy and during pregnancy. Methods A systematic search of peer-reviewed articles published between January 1980 and May 2014 was performed using MEDLINE, EMBASE and the Cochrane database. We included case-control and cohort studies that examined triglycerides, high/low density lipoprotein cholesterol, total cholesterol and homocysteine in women with sPTD. Articles were subdivided in pre-pregnancy, first, second and third trimester. Of 708 articles reviewed for eligibility, 14 met our inclusion criteria. Results and conclusion Nine cohort studies and five casecontrol studies were analyzed, reporting on 1466 cases with sPTD and 11296 controls with term delivery. The studies suggest a possible elevated risk of sPTD in woman with high TG levels, no association of high and low density lipoprotein cholesterol with the risk of sPTD was found. High homocysteine levels are associated with sPTD in the second trimester. The role of triglycerides and homocysteine in sPTD should be explored further.
Introduction
Preterm delivery is defined as delivery before 37 weeks of gestation [1] . Approximately 70 % of all PTDs are the result of spontaneous labour or preterm premature rupture of membranes (PPROM). Deliveries that follow spontaneous preterm labour and PPROM-together called spontaneous preterm deliveries (sPTD)-are regarded as a syndrome resulting from multiple causes, including infection or inflammation, vascular disease and uterine over distension [2] . Pathogenesis of this inappropriate early activation of uterine contractions and/or PPROM are not well understood. Although the precise mechanism cannot be established in most cases, some factors (e.g., previous preterm delivery, black race, smoking, advanced age, periodontal disease and low body mass index) have been pointed as high risk factors for sPTD. However, none of these factors include causal pathways to explain sPTD [2, 3] .
Recently, it has been indicated that sPTD and cardiovascular disease share common risk factors [4] . Epidemiological evidence suggests that women who deliver preterm infants have a twofold increased risk later in life to develop cardiovascular disease [5] . In at least one third of women who deliver prematurely, vascular pathology is found in placentas [6] . Biopsies taken from placentas of women with spontaneous preterm labour showed histopathological ischemic changes such as villous infarcts, fibrinoid atherosis and thrombosis [6] . It is well established that an atherogenic lipid profile and/or elevated homocysteine concentration measured in serum or plasma are a strong and independent risk factor for vascular disease [7, 8] . Also the association of early maternal hypertriglyceridemia with pregnancy-induced hypertension is recognized [9] . Whether maternal lipid composition and homocysteine are also risk factors for prediction of preterm delivery through their vascular effects is still under debate [10] . Defining the exact role of possible subclinical, but relevant maternal atherogenic lipid profile and elevated homocysteine level as risk factors of sPTD is a reasonable goal for several reasons. First, identification of risk factors might provide important insights into mechanisms leading to sPTD. Second, identification of women at risk allows initiation of risk-specific treatment and tailored care during pregnancy. Third, the maternal lipid composition is a potentially modifiable risk factor to reduce the chance of recurrent PTD in a subsequent pregnancy and might define a population useful for studying specific interventions. For this review, we hypothesized that abnormal levels of lipids (i.e., total cholesterol, high or low density lipoprotein cholesterol, triglycerides) and homocysteine are associated with sPTD. To investigate this, we conducted a systematic review of existing literature. Fig. 1 . Two authors (MM, KH) independently screened titles and abstracts of all retrieved studies. Full-text articles were obtained to assess the eligibility. In the case of disagreement, an additional author (MO) acted as arbitrator. Data extraction was performed by one author (MM) and was verified by another (KH). Quality assessment of each study was performed using the Newcastle-Ottawa Quality Assessment Scale and ranged between excellent quality graded 9 and poor quality graded 0 [11] (see Appendix Table 4 ).
Methods Sources

Study selection
We included cohort and case-control studies assessing the relation between lipid profiles measured pre-pregnancy or during pregnancy and sPTD. Control subjects had to be women with a term delivery.
Determinants evaluated were triglycerides (TG), high density lipoprotein cholesterol (HDL-c), low density lipoprotein cholesterol (LDL-c), total cholesterol (TC) or homocysteine (Hct). We divided these lipid profiles in period of measurement: pre-pregnancy and during the first, second or third trimester of pregnancy.
Data extraction and analysis
Baseline characteristics of women with sPTD were compared to women with term delivery. For each included study the following characteristics were extracted: study design; characteristics of inclusion and exclusion criteria including sample size of cases; gestational age at sampling; gestational age at delivery; state of blood sampling, lipids/ Hct levels and the covariates used to adjust the results. Lipids/Hct outcomes were reported as continuous values if available or odds ratios (OR). For consistency all units have been converted to mg/dL. If available the calculated relative risks or odds ratio's in studies were evaluated in this review. However, some studies reported only mean values, for comprehensive purpose these results are also included in this review. No summary estimates of risks were calculated due to the different outcomes used in the studies and various periods in which the lipids were measured during pregnancy.
Results
Systematic literature search of MEDLINE, Embase and Cochrane retrieved 708 articles, from which 32 were selected based on relevance and inclusion/exclusion criteria (Fig. 1) . We included only original articles since no systematic reviews and meta-analyses were found. No additional relevant articles were identified after crosscheck of the reference lists of the 32 articles. Full-text screening of the aforementioned articles resulted in exclusion of an additional 18 articles, resulting in 14 articles for final analysis.
Characteristics of the studies
Extended baseline characteristics of the included studies are shown in Table 1 . Nine studies were cohort studies, whereas five studies were case-control, reporting on a total of 1466 (range 40-221) cases with sPTD and a total of 11296 (range 50-4718) controls with term delivery. Nine articles measured lipid profile values during pregnancy [12] [13] [14] [15] [16] [17] [18] [19] , and three measured lipid profile values prior to pregnancy [20] [21] [22] . Three studies measured Hct values during pregnancy [23] [24] [25] . All studies used the same definition for preterm delivery (gestational age of \37 weeks) and term delivery (C37 weeks of gestation). We considered a sPTD as spontaneous if this was exclusively mentioned in the article or when hypertensive disorders in pregnancy (preeclampsia, chronic-and gestational hypertension) were excluded during analyses. For a detailed list of the employed in/exclusion criteria in each study we refer to the Appendix Table 4 .
Mean values of each lipid marker including Hct levels measured in women with sPTD and term delivery are shown in Table 2 . More importantly, studies that reported the associated risk (odds ratio) of sPTD with the measured concentrations of lipids and Hct are shown in Table 3 .
Pre-pregnancy
Total cholesterol (TC)
Three studies reported on the associated risk of sPTD with the measured TC concentrations in which 311 patients and 5577 control subjects were included [13] [14] [15] . Only one study, Catov et al., found both an increased risk of sPTD in the high and low levels of TC compared to the control group when stratified for gestational age \34 weeks [13] ( Table 3) . 
Triglycerides (TG)
Three studies reported on pre-pregnancy TG and the risk of sPTD in a total of 311 patients and 5577 control subjects [20] [21] [22] . The time interval between sampling and pregnancy ranged between 4 and 7.4 years. The results of two studies showed that the TG concentrations did not significantly influence the odds on sPTD [21, 26] ( Table 3) . The third study with the largest number of patients by Magnussen et al. reported a significantly increased relative risk of 2.1 (1.3-3.2) for sPTD in the 106-133 mg/dL TG range when compared to 18-53 mg/ dL as reference range [22] . However, TG levels were measured in the non-fasting state and not adjusted for body mass index (BMI), which is a potentially important confounder. Remarkably, only the second highest TG levels were a significant risk factor, while the highest TG level was not (Table 3) .
High density lipoprotein cholesterol (HDL-c)
Three studies reported on HDL-c levels and the risk of sPTD counting a total of 311 patients and 5577 control subjects [20] [21] [22] . All three studies found no significant associations between sPTD and the measured HDL-c concentrations (Table 3) .
Low density lipoprotein cholesterol (LDL-c)
Two studies in which 139 patients and 859 control subjects were included reported on LDL-c levels and the risk of sPTD. Both studies did not report a significant association between sPTD and LDL-c levels [20, 21] (Table 3) .
During pregnancy
Total cholesterol (TC)
Six studies measured TC levels during pregnancy, in which 311 patients and 9489 control subjects were included [12, 15, [17] [18] [19] 25] . In the first trimester, two studies found no associations between TC levels and sPTD [12, 19] . Five studies analysed the association between TC concentrations in the sPTD group compared to the control group during second and third trimester, in which three found a significantly higher risk of sPTD in subjects with high TC levels [15, 17, 18] , and one also found a higher risk of sPTD in subjects with low TC levels [18] (Table 3) . The fourth study by Catov et al. analysed the association between mean TC concentrations in the sPTD compared to the control group and found only a significantly elevated mean value of TC in the sPTD group after stratifying for a gestational age of 34-37 weeks [20] .
Triglycerides (TG)
Seven studies reported on TG measurements during pregnancy, of which 712 patients and 4005 control subjects were included [12] [13] [14] [15] [16] [17] 19] . Three out of four studies calculated the associated risk of sPTD with the measured TG concentrations in the first trimester and did not report any significant difference in risk [13, 15, 19] . The fourth study by Catov et al. analysed the association between mean TG concentrations in the sPTD compared to the control group and found only a significantly elevated mean value of TG in the sPTD group after stratifying for a gestational age of 34-37 weeks [27] .
Four studies measured TG during second and third trimester [15] [16] [17] 19] . The first two studies calculated the risk of sPTD with the measured TG levels in the second trimester, of which only Niromanesh et al. found a significantly elevated relative risk 10.9 (1.6-74.4) in the [159 mg/dL TG range [16, 19] . Both studies did not adjust for confounders such as BMI. The second two studies analysed the association between mean TG concentrations in the sPTD compared to the control group of which only Mudd et al. found significant higher mean TG value in women with sPTD but without adjusting for BMI [15, 17] ( Table 2) .
High density lipoprotein cholesterol (HDL-c)
Six studies measured HDL-c levels during pregnancy, in which 756 patients and 8237 control subjects were included [12, 13, 15, 17, 19, 25] . Four studies reported no associations between sPTD and the measured HDL-c levels [12, 13, 19] . Kramer et al., however, found significantly lower mean HDL-c level in cases with sPTD [25] . During the late second to third trimester Bartha et al. found a significantly decreased mean level of HDL-c in cases with sPTD [17] .
Low density lipoprotein cholesterol (LDL-c)
Five studies reported on LDL-c measurements during pregnancy in which 711 patients and 4180 control subjects were included. Only Alleman et al. analysed the relative risk of sPTD with the measured LDL-c levels during first and second trimester and observed no significant differences in risk [19] (Table 3) . During late second to third trimester Bartha et al. found a significantly decreased level of mean LDL-c in the sPTD group [17] .
Homocysteine (Hct)
Three studies measured Hct levels during pregnancy counting for 373 patients and 619 control subjects [23] [24] [25] . Kramer et al. reported a significantly higher odds ratio of 2.2 (1.3-3.7) on sPTD in the highest quartile compared to the lowest quartile (Table 3) Knudtson et al. reported no difference in mean Hct levels in the third trimester in cases versus controls [24] . Interestingly, Dhoble et al. found significantly higher values of Hct during delivery in patients with sPTD versus controls [23] . 
Discussion
In this systematic review, data from 14 original articles were extracted to determine whether unfavorable lipid profiles and homocysteine values measured before and during pregnancy are associated with sPTD. The included studies showed considerable heterogeneity. However, our review was able to point out the following important findings.
Total cholesterol
Total cholesterol (TC) is the sum of HDL-c, LDL-c, and VLDL-c, in which LDL-c and HDL-c levels-with opposite effects-are important in the decision whether treatment is necessary. This would reflect that TC level as an individual determinant for sPTD is clinically useless. However, all included studies in this review did measure and analyze TC, and therefore, we decided to include it in our review for comprehensive purpose. All studies consistently report that pre-pregnancy TC levels are similar in sPTD and term delivery. This is also consistent with the findings of the Norwegian registry study in which no apparent increased risk of PTD was detected in woman with heterozygous familial hypercholesterolemia compared to the general population of woman of childbearing age [32] . Catov et al., however, suggest that early sPTD (\34 weeks) is associated with both high and low pre-pregnancy TC [18] . This same finding is supported by Edison et al. during second trimester pregnancy and by Mudd et al. only for high TC level [13, 25] . However, these findings could not be reproduced by Alleman et al. with similar study population and study characteristics [13, 17] . The pathogenesis leading to sPTD caused by low TC levels is likely caused by a distinct pathway and presumably differs from high TC levels. Low TC level is linked to poor nutritional status, which in general leads to a condition that is associated with adverse pregnancy outcomes including PTD [2, 18] . In addition, poor nutrition may enhance susceptibility to infection that is a known contributor to the pathogenesis of PTD [2] . High TC level on the other hand, may partially be explained by other risk factors, such as lifestyle and dietary habits. Several studies suggest that maternal BMI and low maternal socioeconomic status are related to the risk of PTD [2, 33, 34] . Most studies included in this review did not stratify for these known risk factors, limiting the interpretation of their results and conclusions.
Triglycerides
The analysed data on pre-pregnancy and pregnancy TG levels were highly heterogeneous. Yet, they showed a tendency towards no association between measured TG concentrations and the risk of sPTD. The exception to this conclusion are the findings of the two largest cohort studies performed by Mudd et al. and Magnussen et al, which suggested that high TG levels are associated with increased risk of sPTD. However, both studies did not adjust for pre-pregnancy BMI. Moreover, several studies suggest that maternal BMI is related to the risk of PTD [2, 28] . It is also important to refine their results as they used non-fasting venous blood samples, which may influence lipid levels. Although studies comparing fasting vs. nonfasting lipid levels show minimal differences (\5 %) for TC, HDL-c, and LDL-c values, TG may be affected by as high as 15 % in the non-fasted state [29] . This could potentially taint their results. However, in daily clinical practice it is challenging to obtain fasting blood samples from pregnant women. Therefore, it is likely not feasible in a general screening scenario.
High and low density lipoprotein cholesterol
The studies are mutually consistent that no associations between both HDL-c and LDL-c levels in pre-pregnancy and increased risk of sPTD could be found. However, inconsistent findings are reported during pregnancy. The studies that did report an increased risk such as Barthe et al. first: did not adjust the results for potential confounders such as maternal age, race, socioeconomic status and BMI; and second: graded poor on the Ottawa Quality Assessment Scale for study quality (see Appendix Table 4) . Therefore, these results should be interpreted with caution.
Homocysteine
Only three studies that investigated the association between Hct and sPTD could be retrieved. Two of them suggest that a higher level of Hct during the second trimester and during delivery was associated with sPTD. These findings are potentially of great value to understand the mechanism leading to sPTD. The possible role of Hct in the pathogenesis of sPTB may be explained by the same role of Hct in the process of endothelial dysfunction leading to vascular pathology [8] .
In general, the pathogenesis of sPTD is complex and in many cases, no distinct causal pattern is recognized. Though, it is well established that the risk of cardiovascular disease is higher in women who have experienced PTD or delivery of a small-for-gestational age infant [2, 4, 5] . Histopathologic similarities such as accelerated villous maturation and decidual arteriopathy in the placenta between preeclampsia, intrauterine growth restriction, and sPTD may suggest a common pathophysiological pathway. Therefore, we hypothesize that atherogenic lipid profile and homocysteine may induce atherosis in the uteroplacental spiral arteries. In PTD, these supplying blood vessels to the placenta appear to show failure of physiological transformation as seen in preeclampsia [30] . The latter could lead to placental ischemia and subsequently to decidual necrosis and hemorrhage at the uteroplacental interface resulting in premature contractions and/or PPROM [31] , even in a normotensive pregnancy [25, 35] . These processes have been described in non-pregnant woman in which endothelial inflammation and infection induces changes in blood lipid levels and vice versa [36] .
Strengths and limitations
This is the first review that systematically addresses the relation between lipid profile/Hct and sPTD. However, we recognize several limitations. First, the strength of the review depends on the design and quality of the articles included (see Appendix Table 4 ). Dissimilarity in baseline data such as differences in lipid value cut-off levels in sPTD, which is essential for comparison of studies, precludes the collection of the results for meta-analyses.
Second, in most studies the maternal lipids or Hct were sampled only once during pregnancy, preventing us to describe the trajectory of lipid levels or compare prepregnancy and pregnancy levels in the same study. However, from the physiology of healthy term pregnancies we know that lipid markers and homocysteine are known to be affected by hormonal changes that occur in pregnancy.
Third, majority of studies did not adjust for the possible use of antenatal corticosteroids which is known to influence the lipid profile [36] . The use of antenatal corticosteroids is often a single high dose course to enhance fetal lung maturity in women with high risk of preterm delivery [38] . However, as all studies sampled during pre-pregnancy, first and second trimester confounding by the use of antenatal corticosteroids was unlikely. Only Bartha et al. and Vrijkotte et al. excluded women with corticosteroid use during pregnancy [14, 17] . Finally, extrapolation of these findings to the general population should be done with utmost caution. For future studies, general consensus should exist about generally accepted cutoff point and non-fasting state of blood samples. These studies may lead to recognition of one or more lipid markers with potential interest to a prediction model for sPTD. This prediction model should be first validated in the general population before lipids might be used as a screening tool to identify women at risk for sPTD.
Conclusion
Our review suggests a possible elevated risk of sPTD in woman with high TG levels. However, due to inadequate adjustment for confounders such as BMI and non-fasting status, no definite conclusion could be drawn. We found no associations between HDL-c and LDL-c levels and sPTD. Limited data showed an association of higher levels of Hct with sPTD and could potentially be of clinical interest. Overall, these results support the need for a well-designed study exploring the possible clinical relevance of TG and Hct as biomarkers for prediction of sPTD.
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